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Density functional calculations and model tight-binding Hamiltonian studies are carried out to
examine the bulk and surface electronic structure of the largely unexplored perovskite family of
ABiO3, where A is a group I-II element. From the study, we reveal the existence of two TI states,
one in valence band (V-TI) and the other in conduction band (C-TI), as the universal feature of
ABiO3. The V-TI and C-TI are, respectively, born out of bonding and antibonding states caused
by Bi-{s,p} - O-{p} coordinated covalent interactions. Further, we outline a classification scheme
in this family where one class follows spin orbit coupling and the other follows the second neighbor
Bi-Bi hybridization to induce s-p band inversion for the realization of C-TI states. Below a certain
critical thickness of the film, which varies with A, TI states of top and bottom surfaces cou-
ple to destroy the Dirac type linear dispersion and consequently to open narrow surface energy gaps.
I. INTRODUCTION
Topological insulators, which are insulating in bulk but
with invariant conducting surface states in films [1–13],
have gained considerable attention in the last decade.
As it is a band phenomena arising out of the inter-
play between crystal and orbital symmetries, there have
been extensive studies on the band structures of a large
number of prototypes which include Bi based selenides
and tellurides [11, 14], open structures like skutterudites
[15], Heusler compounds [7, 10, 16], and Bi based per-
ovskites (ABiO3) - A being an alkali or alkaline earth
metal[17, 18]. The family of perovskites are very distinct
from the rest. Firstly, here the topologically invariant
(TI) surface state appears when Bi forms the octahe-
dral complex with oxygen. Therefore, perovskites like
BiFeO3 with FeO6 complexes are ruled out while the low
temperature superconducting materials like KBiO3 and
BaBiO3 are actively investigated[17, 18]. Secondly, un-
like the other topological insulators[19–21], in ABiO3 the
TI state does not appear at the Fermi level (EF ) and in-
stead, it appears far away from the Fermi level (EF ) in
the conduction band [17].
There are a number of significant issues that remain
unanswered on the formation of TI states in the family
of Bi based perovskites. The cause of formation of a TI
state in the conduction band[17, 18], rather than on the
EF , has not been explained. While most of the investiga-
tions are restricted to KBiO3 and BaBiO3[17, 18], there
are many other alkali and alkaline (Sr) elements which
are expected to form the perovskite crystal structure of
ABiO3[22, 23]. Hence a thorough investigation of these
compounds will shed light on the underlying physics of
the formation of TI states in this family. While in the
context of BaBiO3 a single TI state in the conduction
∗ nandab@iitm.ac.in
band has been reported [17], a recent study suggests that
in KBiO3[18] there are indeed two TI states, approxi-
mately 10 eV apart with one in the conduction band and
the other in the valence band . It has not been under-
stood and substantiated whether the formation of “two
TI states” is a characteristic feature of this family.
In the Bi based TI compounds like tellurides and se-
lenides [1, 11, 14, 24] the band inversion, which is a nec-
essary criteria to form TI surface states, has been found
to be an outcome of strong spin-orbit coupling (SOC)
of the Bi-p states. The band inversion can also occur
in some other Bi based compounds [4, 10, 21, 25, 26]
by applying external strain. In the case of perovskites,
while in KBiO3 SOC creates the band inversion[18], in
BaBiO3 the band inversion is present even in the absence
of SOC [17]. A very recent study on Bi based double per-
ovskites A2BiXO6, where A is a divalent cation like Ca,
Sr, and Ba, and X is either Br and I, also suggests that
the band inversion is not led by SOC [27]. Since BiO6
octahedra is a common feature in the crystal structure
of these single and double perovskites, it is imperative
to devise the mechanism of band inversion in the family
of perovskites and classify the systems accordingly. The
surface electronic structures so far have been examined
using minimal basis set based tight binding (TB) Hamil-
tonian instead of a full basis set based first principles
calculations [17, 18]. In such studies, while the surface
confinement effects are well taken into account, the mi-
croscopic changes in the chemical bonding, which affect
the surface states significantly, are often ignored. This
paper examines the bulk and surface band structures of
cubic perovskites ABiO3, where A is either a monovalent
cation (Na, K, Rb, Cs) or a divalent cation (Mg, Ca, Sr,
and Ba), to identify the characteristics and the mecha-
nisms that lead to formation of TI states in this family
in particular and oxides in general. The band structures
are obtained from both density functional theory (DFT)
and TB calculations. The former is achieved within the
framework of full potential and plane wave basis set based
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2FIG. 1. (a) Crystal structure of cubic perovskite ABiO3 with
the illustration of BiO6 octahedra. The crystal can also be
considered as consisting of AO and BiO2 planes stacked al-
ternately along the 001 direction. (b) The ABiO3 slab grown
along 001 to calculate the surface electronic states. The bulk
and surface Brillouin zone with high symmetry points are
shown in (c) and (d) respectively. (e) Schematic illustration
of mechanism of band inversion and formation of topologi-
cally invariant surface states. Here, CB and VB stands for
conduction and valence band respectively. The class I mech-
anism of band inversion occurs for A = Na, K, Rb, Cs and
Mg. The rest of the members follow class II mechanism.
FP-LAPW method [28]. The TB Hamiltonian is for-
mulated based on linear combination of atomic orbitals
(LCAO) method as developed by Slater and Koster [29].
Figure 1 summarizes the important findings in this work.
Two TI states, one in the valence band and other in the
conduction band are characteristic features of Bi based
perovskites. While the TI state in the valence band (TI-
V) is formed by the bonding states, resulted from O-{p}
- Bi-{s, p} strong covalent hybridization, the TI state in
the conduction band, (TI-C) is formed by the correspond-
ing antibonding states. The band inversion for TI-V oc-
curs through SOC of Bi-p states. However, the band
inversion of the TI-C state is either created by the SOC,
as in the case for Na, K, Rb, Cs or Mg based perovskites,
or through weak but sensitive second neighbor Bi-p - Bi-
p interactions as in the case for Ca, Sr and Ba based
perovskites.
II. STRUCTURAL AND COMPUTATIONAL
DETAILS ABiO3
The experimentally synthesized ABiO3 members either
crystallize in the cubic phase[30] or in the slightly dis-
torted cubic (monoclinic) phase[31]. However, since the
TI states are not expected to be affected by minor dis-
tortion in the lattice[17], we have carried out the calcula-
tions in the cubic phase (space group Pm-3m) as shown in
Fig. 1(a). The salient features of the cubic structure are:
(i) BiO6 forms a perfect octahedral complex and (ii) the
crystal structure has alternately stacked AO and BiO2
planes. To study the surface states, slabs along 001 are
constructed as illustrated in Fig. 1(b). Both top and bot-
tom surfaces are terminated with AO planes. The band
structures are examined as a function of slab thickness to
examine the evolution of the TI states and possible inter-
actions between them. Unlike BaBiO3[30], KBiO3[32, 33]
and RbBiO3[34], for the rest of the family, the cubic ex-
perimental phase is not well established. Therefore, the
lattice parameter of BaBiO3 is used to calculate the band
structure of other members. Such an assumption is not
expected to affect the qualitative conclusions made in
this paper.
The density functional calculations are carried out
using the full potential linearized augmented plane
wave (FP-LAPW) formalism [28] as implemented in the
WIEN2k simulation package [35]. Augmented plane
waves in the interstitial and localized orbitals within
the muffin-tin sphere are used to construct the ba-
sis sets. The largest vector in the plane wave expan-
sion is obtained by setting RKmax to 7.0. The PBE-
GGA exchange-correlation functional is used to solve the
Kohn-Sham equations [36]. To carry out the Brillouin-
zone integration 10×10×10 k mesh yielding 35 irreducible
k points, is used for the bulk structure and a proportion-
ate k mesh is used for the slab calculation. The details
of the TB Hamiltonian of Eq. (1) are presented in the
appendix.
3FIG. 2. Bulk electronic structure of KBiO3, in the absence of
SOC, illustrated through (a) band structure, (b) and (c) par-
tial DOS, and (d) schematic molecular orbital picture (MOP).
The band structure is obtained from both DFT (black dashed
lines) and exact diagonalization of the TB Hamiltonian of Eq.
(1) (red solid lines). In MOP, {σ, pi} and {σ∗, pi∗}, respec-
tively, represent the bonding and antibonding states which
are resulted from the nearest neighbor Bi-{s, p} - O-p cova-
lent hybridization. Each member of ABiO3 has similar elec-
tronic structure except the fact that there is an upward shift
in EF as the charge state of A changes from +1 to +2. The
antibonding states σ∗s−p and pi
∗
p−p either touch each other to
create accidental degeneracy or open a gap between them de-
pending on A as shown in (e). Similarly, the bonding states
σs−p and σp−p either touch each other or open a gap between
them depending on A as shown in (f).
III. BULK ELECTRONIC STRUCTURE OF
ABiO3
The chemical bonding plays a significant role in decid-
ing the transport properties of a given solid. In most of
the reports on Bi based alloy topological insulator[37],
Bi based tellurides and selenides [1, 5, 14, 24], the nature
of chemical bonding has not been emphasized adequately
while explaining the formation of TI states. However, the
nature of chemical bonding in Bi based perovskites can-
not be overlooked. Firstly because the TI state does not
occur at EF and hence its formation needs to be under-
stood. Secondly, the electronic structure of perovskites
exhibits highly dispersive bands that are very different
from that of the Bi alloys [38, 39]. We will first present
the bulk electronic structure of KBiO3 as a prototype
and extend the understanding to the other members of
the family.
Bulk electronic structure of KBiO3 can be best ex-
plained from Fig. 2, where the band structure, partial
densities of states (DOS), and the resulted (schematic)
molecular orbital picture are shown. The DFT band
structure [Fig. 2(a), black dotted lines] suggests that this
metallic system has two sets of four highly dispersive
states - one lies in the conduction band and the other
lies in the valence band spectrum. The highly dispersive
states of the conduction band nearly touch each other
at the high symmetry point R as marked with a dotted
circle. The orbital projected DOS infers that the lower ly-
ing band is primarily of Bi-s character and the remaining
three bands are primarily of Bi-p character. Similarly,
in the valence band, the dispersive states nearly touch
each other at Γ with the lower band being Bi-s and up-
per bands being Bi-p in nature. Though a similar feature
has been reported in earlier studies [18], the separation
between the dispersive states of the conduction band and
valence band which can be as large as 10 eV has not been
analyzed and understood. Such exceptionally large sepa-
ration, which is not observed in other Bi based TI families
[11, 14] can only happen provided there is a strong cova-
lent interaction making a set of bonding dispersive states
lying lower in energy and a set of antibonding dispersive
states lying higher in energy. Since, intrasite orbital over-
lap cannot exist, the interaction between Bi-s and Bi-p
states is ruled out. On the contrary, due to the sym-
metric BiO6 octahedra, stronger interaction is expected
between the Bi-{s,p} and O-{p} states. Indeed the par-
tial DOS, plotted in Fig. 2(c), shows significant presence
of O-p characters everywhere in the energy spectrum.
In order to quantify the covalent interaction between
the Bi-{s, p} and O-p states we have constructed a tight-
binding model Hamiltonian with minimal basis set and
is based on LCAO as adopted by Slater and Koster [29].
The Hamiltonian, which also includes SOC, is ex-
pressed as:
H =
∑
i,α
iαc
†
iαciα+
∑
ij;α,β
tiαjβ(c
†
iαcjβ +h.c)+λL ·S (1)
Here i and j are the site indices while α and β are
the orbitals (Bi-{s, p} and O-p) forming the basis set.
The parameters iα and tiαjβ , respectively, represent
the on-site energy and hopping integrals. In addition
to the nearest neighbor Bi-O interactions, the second
neighbor Bi-Bi interactions are included in the Hamil-
tonian. The third term of the Hamiltonian represents
spin-orbit coupling (SOC) among the Bi-p states with
coupling strength λ. Further details of the TB model,
e.g., Hamiltonian matrix, optimized values of tiαjβ , and
SOC strength λ, are presented in the Table II of the ap-
pendix.
The Hamiltonian is diagonalized and the resulted
bands are fitted with that of DFT. The TB bands in the
absence of SOC are plotted in red solid lines in Fig. 2(a).
We find excellent agreement between the TB bands and
the two sets of highly dispersive (HD) DFT bands. In
fact at Γ and R, the DFT and TB bands coincide. For
KBiO3 the values of nearest neighbor (NN) hopping in-
teraction strengths VBiOspσ , V
BiO
ppσ , and V
BiO
pppi are found to
4be 2.1, 2.95 and -0.75 eV respectively. The value of next
nearest neighbor (NNN) hopping interaction strengths
VBiBissσ , V
BiBi
spσ , V
BiBi
ppσ and V
BiBi
pppi are found to be -0.04,
0.02, -0.08, and 0.16 eV, respectively. Similar results are
obtained for other members and details are listed in Table
I of the appendix. The electronic structure and chemical
bonding in the family of ABiO3 as inferred from the DFT
and TB calculations are summarized in the molecular or-
bital picture (MOP) shown in Fig. 2(d). The cation A
transfers its valence electrons to the anion O and does
not take part in the bonding. However, Bi remains in
an ambiguous charge state since electrons from the outer
Bi-s orbitals, with -15.4 eV atomic on-site energy, cannot
be transferred to O-p states which are at higher on-site
energy of -11.3 eV. Therefore, electron sharing occurs
between Bi and O through strong covalent interaction.
The Bi-s - O-p interaction creates a bonding state σs−p
and an antibonding state σ∗s−p. Similarly, the Bi-p - O-p
interactions create a set of bonding states {σp−p, pip−p}
and a set of antibonding states {σ∗p−p, pi∗p−p} as shown in
Fig. 2(d). The bonding states σs−p and σp−p either touch
each other, to create accidental degeneracy, or open a gap
between them depending on the cation A (see Fig. 2(f)).
Similarly the antibonding states σ∗s−p and pi
∗
p−p either
touch each other or open a gap between them depending
on A as shown in Fig. 2(e). As a consequence, there is
a possibility of two TI states, one in the valence band
(VB) and the other in the conduction band (CB), in the
family of ABiO3.
The MOP is nearly similar for each member of ABiO3.
To avoid the repetition, we have shown the band struc-
ture of these compounds (other than KBiO3) in Fig. 7
of the appendix. However, in the coming sections we will
see that even though the NNN Bi-Bi hopping interaction
strengths are weak, a minor variation of them can lead
to different mechanisms for forming the TI states in the
conduction band.
A. Hybridization Induced Band Inversion and
Classification of ABiO3 compounds
The broad picture of electronic structure of ABiO3 pre-
sented in Fig. 2 is inadequate to evolve a mechanism for
the formation of TI surface states in this family. We need
to investigate the local variation in the valence band dis-
persion at the high symmetry point Γ and conduction
band dispersion at R and also identify the orbitals con-
structing these bands. Therefore, in Fig. 3 we have plot-
ted the DFT and TB obtained conduction bands along
M-R-Z and valence bands along M-Γ-X for NaBiO3 and
BaBiO3. These two are chosen as prototypes to represent
the compounds with A+1 and A+2 cations.
Valence band structure – The orbital projected band
structure (orbital contribution to a given band is propor-
tional to thickness of the curve shown), obtained from
DFT, shows that the valence bands in the vicinity of Γ
for both the compounds are nearly exact with the lower
lying band (band-1) is predominantly of Bi-s and the up-
per two weakly disperse bands (band-2, band-3) are of
Bi-p character [see Figs. 3(a) and (i)]. The uppermost
highly dispersive band (band-4) is occupied by Bi-s or-
bital in the vicinity of Γ. However, in the rest of the
Brillouin zone (not shown here) it is more dominated by
Bi-p characters.
Conduction band structure – From the analysis of the
band dispersion and orbital weight factor, we find that
in the case of conduction bands, there is a clear dis-
tinction between NaBiO3 [Figs. 3I (c,d1,d2 DFT) and
(g,h1,h2 TB)] and BaBiO3 [Figs. 3I(k,l1,l2 DFT) and
(o,p1,p2 TB)]. For the former, at R, the lower band, is
occupied by Bi-s, while the upper three bands are occu-
pied by Bi-p characters. On the contrary for the latter,
the lower band, is of Bi-p character while the uppermost
band (band-4) is of Bi-s character. Therefore, it sug-
gests that there is a hybridized induced band inversion
in BaBiO3 between the lower band and the uppermost
band. In addition to BaBiO3, the orbital weights listed
in Table III of the appendix, suggests similar band struc-
ture in the case of CaBiO3 and SrBiO3. Interestingly a
very recent article [27] suggests that A2BiXO6 (X = Br,
I) exhibit s-p band inversion without SOC when A is ei-
ther Ca, Sr, or Ba. This carries significance as in most
of the Bi based topological insulators, the band inversion
occurs only through spin orbit coupling.
To provide a quantitative picture of hybridized
band inversion, both our DFT [Fig. 3I(l1,l2)] and TB
[Fig. 3I(p1,p2)] calculations show that away from R, the
band-1 (lower band) is composed of 40% Bi-s and 60% O-
p character. But at R, the band is completely formed by
Bi-p orbitals. In the case of band-4 (uppermost band)
it is reversed. Away from R, the band is composed of
60% Bi-p and 40% O-p states. At R it is composed of
40% Bi-s and 60% O-p. This establishes the Bi s-p band
inversion at R in BaBiO3. The valence bands of both
the compounds appear similar and no band inversion is
observed between band-1 and band-2 as in the case of
conduction bands of NaBiO3. The calculation of orbital
weights also shows that there is a significant presence of
O-p characters in the conduction and valence dispersive
bands which in turn implies that in perovskites, unlike
the selenides and tellurides, the hybridized states, instead
of pure Bi characters, construct the TI states.
The cause of hybridized induced band inversion in
BaBiO3 and the absence of it in NaBiO3 can be explained
by solving the tight-binding Hamiltonian without SOC.
In Fig. 3II(a-d2), we have plotted the conduction band
structure of ABiO3, around the high symmetry point R,
and the orbital weight factors in these bands for two
cases. In the first case, only NN Bi-O interactions are in-
cluded in the TB Hamiltonian. The resulting band struc-
ture as well as the plot of k-dependent orbital weights
[Figs. 3II(a) and (b1,b2)] resembles that of NaBiO3 [see
Figs. 3I(g) and (h1,h2)]. However, when the NNN Bi-Bi
5FIG. 3. (I) DFT and TB obtained valence bands (VB) along M-Γ-X (first column) and conduction bands (CB) along M-R-Z
(fourth column) for NaBiO3 and BaBiO3 in the absence of SOC. The DFT bands are shown with projected Bi-s and p orbital
characters. Right to each band structure the orbital weights (contribution of individual orbitals in forming a band) of the
relevant bands, responsible for constructing the topologically invariant surface states, are shown. For the VB, the relevant
ones are band-1 and band-2. For the CB, the relevant ones are band-1 and band-2 for NaBiO3 and band-1 and band-4 for
BaBiO3. The orbital weights of band-1 and band-2 for VB are shown in column 2 and 3, respectively. Similarly the orbital
weights of band-1 and band-2 or band-4 of CB are shown in column 5 and 6, respectively. (II) TB obtained BaBiO3 conduction
band structure: (a)when the interactions are restricted to nearest neighbor (NN) and (c) when they include Bi-Bi next nearest
neighbor (NNN) interactions. The orbital weights relevant to (a) are shown in (b1) and (b2) and relevant to (c) are shown in
(d1) and (d2). The panel (II) infers that reasonable NNN Bi-Bi interactions can induce band inversion in the CB spectrum.
However, later we will find that with inclusion of SOC, the band inversion will occur even with negligible NNN interactions.
The results are extendable to each member of ABiO3.
interactions are included in the Hamiltonian, the resulted
band structure as well as the plot of the orbital weights
[Figs. 3II(c) and (d1,d2)] resembles that of the BaBiO3
[see Figs. 3I(o) and (p1,p2)]. This suggests that the sec-
ond neighbor interactions induce the s-p band inversion.
From the optimized TB parameters listed in Table I of
the appendix, we find that the second neighbor interac-
tions, particularly the ppσ and pppi, are significant in
CaBiO3, SrBiO3, and BaBiO3. Accordingly, in the ab-
sence of SOC, the s-p band inversion occurs in these com-
pounds while the rest of the compounds do not have it.
We may note that in general, the critical second neigh-
bor Bi-Bi interaction strengths (tss, tsp, tppσ, and tpppi),
above which the hybridization induced inversion occurs,
vary with the cation A.
B. Effect of spin-orbit coupling
Having understood the electronic structure due to
chemical bonding through Figs. 2 and 3, in this subsec-
tion we shall discuss the effect of SOC of the Bi-p states
on the band structure. Figure. 4 shows the DFT + SOC
and TB + SOC band structures as well as k-dependent
orbital weights of the relevant bands for NaBiO3 and
BaBiO3. The SOC introduces two significant changes in
the band structure at the high symmetry point Γ in the
valence band and at R in the conduction band. Firstly
either a gap appears at these points or the already ex-
isting gap [see Figs. 2(e) and (f)] gets amplified except
6FIG. 4. DFT+SOC and TB+SOC obtained valence bands along M-Γ-X (first column) and conduction bands along M-R-Z
(fourth column) for NaBiO3 and BaBiO3. The DFT bands are shown with projected orbital characters. Right to each band
structure the orbital weights of the relevant bands are shown. For the VB, the relevant ones are band-1 and band-2. For the
CB, the relevant ones are band-1 and band-2 for NaBiO3 and band-1 and band-4 for BaBiO3. The orbital weights of band-1
and band-2 for VB are shown in column 2 and 3 respectively. Similarly the orbital weights of band-1 and band-2 or band-4
of CB are shown in column 5 and 6, respectively. With inclusion of SOC, the s-p band inversion occurs between the band-1
and band-2 in the valence band of both the compounds and in the conduction band of NaBiO3. The band inversion (between
1 and 4) in the conduction spectrum of BaBiO3 remains unaffected by SOC. The SOC either creates a gap or amplifies the
already existing gap at R in the conduction band (ECBg ) and at Γ in the valence band (E
V B
g ). [(q) and (r) change] plot (E
CB
g )
and (EV Bg ), respectively, for different A cations.
in the case of RbBiO3. The magnitude of the gap at
Γ (EV Bg ) and at R (E
CB
g ) as a function of A cation is
shown in Figs. 4[(q) and (r)], respectively. For RbBiO3,
SOC reduces the band gap from 0.35 to 0.2 eV. How-
ever, the gap remains robust. Secondly, from the calcula-
tions of orbital weights, the band-1 and band-2 of valence
band alter their characters at Γ. For example, according
to our TB calculations on NaBiO3, without SOC [see
Fig. 3I(f1,f2)], at Γ band-1 is composed only of Bi-s char-
acter and band-2 is composed of 25% Bi-p and 75% O-p
characters. With the inclusion of SOC [see Fig. 4(f1,f2)],
the band-1 is now composed of 27% Bi-p and 73% O-
p characters, whereas band-2 is solely made up of Bi-s
states. The DFT calculations provide similar results as
can be seen from Figs. 3I(b1,b2) and 4(b1,b2). Band-1
and band-2 of the conduction band (for A = Na, K, Rb,
Cs, and Mg) also undergo similar inversion at R. Table
IV of the appendix, lists the orbital weights at Γ and R
for band-1 and band-2 to reconfirm the band inversion
in these compounds. The hybridization induced band
inversion in the conduction band of BaBiO3, CaBiO3,
and SrBiO3 remains unaffected by SOC. By fitting the
TB+SOC bands with that of the DFT+SOC obtained
bands, we found that the SOC strength for the latter
three compounds is about 0.5 eV which is nearly 0.2 eV
smaller compared to that of the other members of the
family.
IV. SURFACE ELECTRONIC STRUCTURE OF
ABiO3
The hallmark of topological insulators is the formation
of a Dirac type surface state within the bulk band gap
created by SOC. Such a state is invariant under adia-
batic deformation[40]. As bulk ABiO3 exhibit two SOC
induced/amplified bulk band gaps (EV Bg and E
CB
g ) it is
imperative to see whether this perovskite family forms
7two such Dirac type surface states protected by symme-
try.
These surface states, so far, are primarily examined by
solving the TB model Hamiltonians with minimal basis
set instead of a full-basis set based DFT study [17, 18].
In most of the cases, the minimal Wannier basis is ob-
tained from the bulk electronic structure and subjected
to the TB Hamiltonian to obtain the k-dependent eigen-
states. In such studies while the surface confinement is
well taken into account, the microscopic changes in the
chemical bonding, which can bring significant changes in
the surface states, are often ignored. Therefore, in this
section we present the surface electronic structure calcu-
lated using the FPLAPW+Lo method where both plane
waves and local orbitals form the basis.
Furthermore, recent reports suggest that not necessar-
ily all the films of well established topological insulators
exhibit Dirac-like surface states. From the ARPES study
it is found that in ultra thin Bi2Se3 (three quintuple lay-
ers and less), a gap appears between the topological sur-
face state bands [41]. The first principles calculations
infer similar conclusions in the case of Bi2Te3 films [14].
Keeping this in mind we have examined the robustness
of the TI surface state of ABiO3 as a function of film
thickness.
FIG. 5. Valence and conduction band structure of 15 unit cell thick KBiO3 [(a) - (d)] and BaBiO3[(g) - (j)] without and with
SOC. The layer resolved orbital weights, in the vicinity of M¯ for conduction band and of Γ¯ for valence band, corresponding to
the SOC band structure are also shown in (e), (f) for KBiO3 and in (k), (l) for BaBiO3. Here we gather that orbitals of the
first two to three layers from the surface constitute these linear bands.
First, to examine the effect of chemical bonding, we
shall analyze surface electronic structure without SOC.
To make the point, the band structure of 15 unit cell
thick KBiO3 and BaBiO3 slabs are shown in Fig. 5.
The figure suggests that while the bulk valence band
gap at Γ (Γ¯) and bulk conduction band gap at R (in
the surface Brillouin zone R is mapped to M¯) are either
reduced or disappeared completely in this slab, there is
no signature of Dirac type bands appearing at Γ¯ and M¯
of the surface Brillouin zone. Therefore, the hybridized
induced band inversion has a minimal role in forming
the TI surfaces states. With the inclusion of SOC [see
Figs. 5 (c, d) and (i, j)] we find that linearly dispersed
bands, akin to the TI states, appear within the bulk gap.
The layer and atom resolved orbital weights of these
linear bands estimated at M¯ or Γ¯ [see Figs. 5(e) and
(f) for KBiO3; (k) and (l) for BaBiO3] imply that these
linear bands are made up of surface O-p, Bi-s, and Bi-p,
states. As we move from the surface to the interior, the
contribution rapidly vanishes and three layers below the
surface, the contribution to these linear bands ceases
to exist. Therefore, these linear bands are well defined
surface states and satisfy all the criteria to be called TI
states. The surface TI states of each member of this
family are shown in Fig. 8 of the appendix.
The robustness of the surface TI states can be
measured based on two factors: (i) its invariance
8FIG. 6. Valence (a) and conduction (b) band structure for 5 unit cell thick RbBiO3 demonstrating the existence of a band gap
between the topological surface states both in conduction (ECSg ) and valence band spectrum (E
V S
g ). The surface band gap lies
between the SOC induced bulk gap (EV Bg or E
CB
g ). Figures (c) and (d) plot the variation of E
CS
g and E
V S
g as a function of film
thickness for ABiO3 when A is in +1 charge state (Na, K, Rb. and Cs). Figures (e) and (f) are the same as (c) and (d) but
when A is in +2 charge state (Mg, Ca, Sr, and Ba).
with adiabatic deformation [40] and (ii) its invari-
ance with respect to the thickness of the film. While
the former has been proved based on parity of the
bands and calculation of Chern numbers (Z2)[12], the
latter is purely a function of chemical bonding which
has not been highlighted yet for the family of perovskites.
The band structure of five unit cell thick RbBiO3,
shown in Figs. 6(a) and 6(b) reveals that the linear
conduction bands at M¯ give rise to a gap (ECSg ) of 0.17
eV. Similarly the linear valence bands at Γ¯ give rise to a
gap (EV Sg ) of 0.45 eV. Both of these gaps lie well within
the SOC driven bulk band gaps. Furthermore, from the
layer resolved orbital weights (not shown here) we find
that the bands below and above of these new energy gaps
are formed by the orbitals of the surface layers. This im-
plies the presence of a strong interaction between the
bottom and top surface states which gives rise to these
gaps. To provide a quantitative measure, in Fig. 6(c)-
6(f)we have plotted EV Sg and E
CS
g as a function of film
thickness. As expected, we find that the gap sharply de-
creases with increasing thickness. However, the critical
thickness below which the gap appears, varies with the
cation A. Also for a given compound the critical thick-
ness differs for formation of EV Sg and E
CS
g . With increase
in the thickness of the slab, the separation between the
bottom and top surfaces increases and thereby the cou-
pling between the surface states vanishes to create two
noninteracting TI Dirac bands.
V. SUMMARY AND CONCLUSION
To summarize, the bulk and surface electronic struc-
ture of the ABiO3 family, where A is either a monova-
lent (Na, K, Rb, and Cs) or a divalent (Mg, Ca, Sr,
and Ba) element, are obtained from DFT calculations
and from exact diagonalization of a minimal basis based
TB Hamiltonian. Existence of two topologically invari-
ant (TI) surface Dirac states, one in the conduction band
and the other in the valence band, is discovered to be the
characteristic feature of this family. The valence TI state
arises from the bonding interaction between Bi-{s,p} -
O-{p} states in the BiO6 octahedral complex. The cor-
responding antibonding interaction constitutes the con-
duction TI state. While the usual spin orbit coupling
(SOC) induces s-p band inversion in the valence band,
variance in it in the case of conduction band classifies
the perovskite family into two where one class (A = Na,
K, Rb, Cs and Mg) follows the SOC mechanism and the
other (A = Ca, Sr and Ba) follows the hybridization in-
duced inversion mechanism for the inversion of Bi-s and p
characters in the conduction band. The top and bottom
surface TI states of ABiO3 can couple to destroy their
Dirac type linear dispersion. The critical thickness (CT ),
above which the coupling ceases to exist, varies with A
and lies in the range 4 to 14 unit cell. CT is also different
for conduction and valence surface states. The mecha-
nisms of band inversion and formation of more than one
TI surface Dirac states as well as the coupling between
these states, proposed in this paper, can be extended to
other complex oxides where the heavy elements like Bi
and Pb form symmetric oxygen complexes.
9Shifting the Dirac states from conduction and valence
bands to the Fermi surface, through chemical doping or
carrier doping, will make these oxide families viable for
futuristic devices. In a very recent study by X. Zhang
et al. [42], with artificial one electron doping, they have
shown that the Fermi level can be shifted to conduction
band gap in BaBiO3. For practical purposes, we feel that
fluorine doping can be of some help due to the following
reasons: (I) It has similar covalent radius (0.66 A˚ as
against 0.64 A˚ of O). There are many examples to site
from the literature concerning F doping at O site. Few
of them are LaO1−xFxFeAs (x = 0.5), CeO1−xFxBiS2 (x
= 0-0.6)[43, 44]. (II) More importantly F dopant does
not change the orbital symmetry since the same 2s and
2p states are involved in the band formation. Hence, it
is expected that the band topology will not be affected
due to F doping.
Acknowledgments: The authors acknowledge the
computational resources provided by HPCE, IIT
Madras. This work is supported by Department
of Science and Technology, India through Grant No.
EMR/2016/003791.
APPENDIX-I: TIGHT-BINDING MODEL
The basis set for the TB Hamiltonian in Eq. (1) consists of the one Bi-s, three Bi-p, and the nine O-p (three per
each oxygen anion) orbitals. The rest are neglected as they neither lie in the vicinity of the Fermi level nor participate
in the formation of the topological invariant states. Also the hopping interactions are confined to the nearest neighbor
and next nearest neighbor coordination except the case of O. This is due to the fact that O-p - O-p interaction is
not significant in forming the highly dispersive states at Γ in the valence band and at R at the conduction band.
Therefore, TB Hamiltonian matrix, constructed with the help of Slater-Koster hopping integrals (SKI) [29], includes
Bi-s - O-p and Bi - Bi interactions. The relevant SKIs are reproduced here.
Es,x = ltspσ
Ex,x = l
2tppσ − (1− l2)tpppi
Ex,y = lmtppσ − lmtpppi (2)
Ex,z = lntppσ − lntpppi,
where, x, y, and z represent px, py, and pz orbitals, respectively, and l,m, n are direction cosines. The parameter t
quantifies the covalent interactions of various types (σ and pi). The spin independent TB Hamiltonian matrix, with
the basis set in the order {|sBi〉 |pBix 〉, |pBiy 〉, |pBiz 〉 |pO1x 〉, |pO1y 〉, |pO1z 〉, |pO2x 〉, |pO2y 〉, |pO2z 〉, |pO3x 〉, |pO3y 〉, |pO3z 〉}, takes
the form:
H =
 MBi−Bi4×4 MBi−O4×9
MBi−O†4×9 M
O−O
9×9
 (3)
The individual blocks, of the matrix H, are as follows,
MBi−Bi4×4 =

s + f1 2it
Bi−Bi
spσ sin(kxa) 2it
Bi−Bi
spσ sin(kya) 2it
Bi−Bi
spσ sin(kza)
−2itBi−Bispσ sin(kxa) p1 + f2 0 0
−2itBi−Bispσ sin(kya) 0 p1 + f3 0
−2itBi−Bispσ sin(kza) 0 0 p1 + f4
 (4)
MBi−O4×9 =

tBi−Ospσ Sx 0 0 0 t
Bi−O
spσ Sy 0 0 0 t
Bi−O
spσ Sz
tBi−Oppσ Cx 0 0 t
Bi−O
pppi Cy 0 0 t
Bi−O
pppi Cz 0 0
0 tBi−Opppi Cx 0 0 t
Bi−O
ppσ Cy 0 0 t
Bi−O
pppi Cz 0
0 0 tBi−Opppi Cx 0 0 t
Bi−O
pppi Cy 0 0 t
Bi−O
ppσ Cz
 (5)
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MO−O9×9 =

p2 0 0 0 0 0 0 0 0
0 p2 0 0 0 0 0 0 0
0 0 p2 0 0 0 0 0 0
0 0 0 p2 0 0 0 0 0
0 0 0 0 p2 0 0 0 0
0 0 0 0 0 p2 0 0 0
0 0 0 0 0 0 p2 0 0
0 0 0 0 0 0 0 p2 0
0 0 0 0 0 0 0 0 p2

(6)
Here s, p1, and p2 are on-site energies of Bi-s, Bi-p, and O-p orbitals respectively. The terms Cx and Sx are short
notation for 2 cos(kxa/2) and 2i sin(kxa/2) and fi (i = 1, 2, 3, 4) arises from Bi-Bi second neighbor interactions, are
given by
f1 = 2t
Bi−Bi
ss (cos(kxa) + cos(kya) + cos(kza))
f2 = 2t
Bi−Bi
ppσ cos(kxa) + 2t
Bi−Bi
pppi [cos(kya) + cos(kza)]
f3 = 2t
Bi−Bi
ppσ cos(kya) + 2t
Bi−Bi
pppi [cos(kxa) + cos(kza)] (7)
f4 = 2t
Bi−Bi
ppσ cos(kza) + 2t
Bi−Bi
pppi [cos(kxa) + cos(kya)]
The k-dependency arises through the Bloch summation:
hαβ(k) =
∑
l 6=j
tjαlβe
i~k·(~Rl−~Rj), (8)
where j and α respectively represent site and orbital indices and Rj is the position vector for the j-th site. The
terms tjαlβ are constructed from Eq. (3).
The SOC component of the Hamiltonian, acting on the Bi-p states, is expressed as:
HSOC = λL · S (9)
〈L · S〉 = 1
2
〈J2 − L2 − S2〉
=
~2
2
(j(j + 1)− l(l + 1)− s(s+ 1))
(10)
To operate the SOC Hamiltonian on the p-orbitals, we need to express them as a linear combination of total angular
momentum states (Φj,mj ).
px ↑ = 1√
2
(
Φ 3
2 ,
3
2
+
1√
3
Φ 3
2 ,− 12 −
√
2
3
Φ 1
2 ,− 12
)
py ↑ = − i√
2
(
Φ 3
2 ,
3
2
− 1√
3
Φ 3
2 ,− 12 +
√
2
3
Φ 1
2 ,− 12
)
pz ↑ =
√
2
3
Φ 3
2 ,− 12 −
√
1
3
Φ 1
2 ,− 12
px ↓ = 1√
2
( 1√
3
Φ 3
2 ,
1
2
+
√
2
3
Φ 1
2 ,
1
2
+ Φ 3
2 ,− 32
)
(11)
py ↓ = − i√
2
( 1√
3
Φ 3
2 ,
1
2
+
√
2
3
Φ 1
2 ,
1
2
− Φ 3
2 ,− 32
)
pz ↓ =
√
2
3
Φ 3
2 ,− 12 +
√
1
3
Φ 1
2 ,− 12
With the aid of Eqs. (10) and (11), we obtain the matrix elements for the SOC Hamiltonian with the basis set in
the order: |pBix ↑〉, |pBiy ↑〉, |pBiz ↑〉, |pBix ↓〉, |pBiy ↓〉, |pBiz ↓〉
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TABLE I. The optimized tight-binding parameters in the absence of SOC.
charge A EBi−s EBi−p EO−p tsp tppσ tpppi tBi−Biss t
Bi−Bi
spσ t
Bi−Bi
ppσ t
Bi−Bi
pppi
+1 Na -4.78 5.32 -1.55 2.08 2.75 -0.7 -0.04 0.06 -0.12 0.08
K -4.4 5.7 -1.6 2.2 2.95 -0.75 -0.04 0.02 -0.08 0.16
Rb -4.6 5.5 -1.5 2.1 2.8 -0.7 -0.03 0.07 -0.01 0.16
Cs -5 5.1 -1 2.1 2.8 -0.75 -0.07 0.11 -0.14 0.2
+2 Mg -6.6 3.5 -2.65 2.1 2.75 -0.85 -0.02 -0.0 -0.05 0.04
Ca -6.2 3.9 -2.5 2.1 2.8 -1.4 -0.04 -0.04 -0.1 0.55
Sr -6.3 3.8 -2.2 2 2.7 -1.35 -0.046 -0.08 -0.22 0.45
Ba -6.3 3.8 -2.2 2 2.82 -1.35 -0.04 -0.1 -0.25 0.5
TABLE II. The optimized tight-binding parameters in the presence of SOC.
charge A EBi−s EBi−p EO−p tsp tppσ tpppi tBi−Biss t
Bi−Bi
spσ t
Bi−Bi
ppσ t
Bi−Bi
pppi λ
+1 Na -4.78 5.32 -1.55 2.08 2.61 -0.9 -0.05 0.05 -0.05 0.1 0.7
K -4.4 5.7 -1.6 2.15 2.82 -0.7 -0.05 0.05 -0.05 0.15 0.7
Rb -5.2 4.9 -0.5 2.08 2.9 -1.15 0.07 0.05 -0.05 0.1 0.6
Cs -4.9 5.2 -0.8 2 3 -0.85 -0.02 -0.12 -0.15 0.25 0.7
+2 Mg -6.4 3.7 -2.3 2.1 2.75 -1.3 0.02 0.05 -0.4 0.3 0.7
Ca -6.4 3.7 -2.3 2 2.75 -1.5 -0.03 0.05 -0.3 0.5 0.5
Sr -6.4 3.7 -2.3 2.0 2.7 -1.5 -0.03 0.05 -0.3 0.5 0.45
Ba -6.5 3.6 -2.3 2 2.7 -1.3 0.03 0.05 0.3 0.2 0.45
HSOC = λ

0 −i 0 0 0 1
i 0 0 0 0 −i
0 0 0 1 −i 0
0 0 1 0 i 0
0 0 i −i 0 0
1 i 0 0 0 0
 (12)
The exact diagonalization of the Hamiltonian gives the band dispersion which is further fitted with that of DFT
with RMS deviation tolerance less than 0.25 to yield the optimized tight binding parameters. These parameters in
the absence of SOC are listed in Table I and the same in the presence of SOC are listed in Table II. Table II also
lists the SOC strength λ. As expected, with inclusion of SOC, the only second neighbor Bi-Bi interaction parameters
changes with respect to that in Table I.
APPENDIX-II: ELECTRONIC STRUCTURE OF ABiO3
To avoid repetition, the bulk and surface electronic structure of each member of the ABiO3 family are not shown
in the main text. However, for reference they are shown in this appendix. The captions of the figures and the tables
are complete and self explanatory. The orbital weights, as obtained from the TB calculations, are listed in Table
III (without SOC) and Table IV (with SOC). With inclusion of SOC the s-p band inversion occurs at Γ for all the
compounds. However, at R, in the conduction band, the s-p band inversion is already seen without SOC for the
compounds CaBiO3, SrBiO3 and BaBiO3. For the rest of the compounds SOC creates the band inversion.
APPENDIX-III: ROBUSTNESS OF SURFACE TI STATES OF ABiO3 AGAINST EXCHANGE
CORRELATION APPROXIMATION AND SURFACE DEFORMATION.
While DFT calculations are very promising in examining the topological order of materials, a study carried out by
Vidal et al.[45] shows that the band-gap underestimation, due to exchange-correlation approximation may yield false
topological order. For example, DFT+GGA calculations suggests compounds like LuPTSb, YPtSb are topological
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FIG. 7. Bulk band structure of ABiO3 without SOC (upper two rows) and with SOC (lower two rows). Black and red lines
represent bands obtained from DFT and TB, respectively. TB bands are composed of Bi-{s,p } and O-{p} orbitals. There is
an excellent agreement between these two sets of bands. As discussed in the main text, narrow (or vanishing) band gaps at Γ
in the valence band and at R in the conduction band suggest the possibility of formation of two topologically invariant surface
states. The SOC either creates a gap at Γ and R or enhances the already existing gaps at these high symmetry points.
FIG. 8. DFT+SOC surface band structure for ABiO3 (A=Na, Rb, Cs, Mg, Ca and Sr) along the high symmetry points of the
surface Brillouin zone. The first row represents the conduction bands and the second row represents the valence bands. Except
for A = Na the surface electronic structure is obtained for a 15 unit cell thick ABiO3. For Na 13 unit cell is used. The Dirac
type surface states, highlighted with dashed rectangles, appear at two time reversal invariant momenta points Γ¯ and M¯ .
insulators[46]. However, with the incorporation of more accurate quasiparticle GW approximation, there is an increase
in the bulk band gap and these compounds are found to be normal insulator[45]. Also the robustness of TI states
should be checked against surface deformation
The effect of exchange-correlation approximation is investigated on two prototype compounds KBiO3 and BaBiO3.
While K has +1 charge state, Ba has +2 charge state. Instead of GW approximation, we have applied the less
expensive modified Becke-Johnson potential (mBJ) as a correction to GGA. Tran and Blaha[47] have shown that
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TABLE III. Orbital weight factors of different ABiO3 compounds without spin orbit coupling.
CB orbital weight factors% VB orbital weight factor %
Band index Bi-s Bi-p O-p Band index Bi-s Bi-p O-p
Na
1 40 0 60 1 100 0 0
2 0 100 0 2 0 25 75
K
1 41.7 0 58.3 1 0 26.3 76.3
2 0 100 0 2 0 26.3 76.3
Rb
1 40 0 60 1 100 0 0
2 0 100 0 2 0 23 77
Cs
1 0 100 0 1 100 0 0
2 0 100 0 2 0 25.8 74.2
Mg
1 37 0 63 1 100 0 0
2 0 100 0 2 0 27 73
Ca
1 0 100 0 1 100 0 0
4 39.8 0 60.2 2 0 24.1 75.9
Sr
1 0 100 0 1 100 0 0
4 36.7 0 63.3 2 0 25.6 74.4
Ba
1 0 100 0 1 100 0 0
4 36.6 0 63.4 2 0 25.9 74.1
TABLE IV. Orbital weight factors of different ABiO3 compounds with spin orbit coupling.
CB orbital weight factors% VB orbital weight factor %
Band index Bi-s Bi-p O-p Band index Bi-s Bi-p O-p
Na
1 0 100 0 1 0 27 73
2 40 0 60 2 100 0 0
K
1 0 100 0 1 0 26.5 73.5
2 41.7 0 58.3 2 100 0 0
Rb
1 0 100 0 1 0 34 66
2 33.3 0 66.7 2 100 0 0
Cs
1 0 100 0 1 0 31 69
2 36.2 0 63.8 2 100 0 0
Mg
1 0 100 0 1 0 32.3 67.7
2 36 0 64 2 100 0 0
Ca
1 0 100 0 1 0 29 71
4 36.4 0 63.6 2 100 0 0
Sr
1 0 100 0 1 0 28.6 71.4
4 36.4 0 63.6 2 100 0 0
Ba
1 0 100 0 1 0 28 72
4 35 0 65 2 100 0 0
mBJ corrections provide the same order of band gap as by hybrid functionals and GW methods for all types of
solids(wide band gap insulators, sp- semiconductors, and strongly correlated 3d transition-metal oxides). The band
structures and the weights of the relevant orbitals for these two compounds obtained with GGA + mBJ + SOC are
shown in Fig. 9. The Bi s-p band inversion, both in conduction and valence band is not affected with the inclusion of
mBJ. In fact the surface band structure of 11 unit-cell thick slabs of KBiO3 and BaBiO3 , shown in Fig. 10 reconfirm
the existence of conduction and valence TI Dirac states. Furthermore, the variation of surface band gap as a function
of slab thickness, shown in Fig. 11, indicates that the surface penetration length, above which the interaction between
the top and bottom surface states ceases, remains the same both for GGA and GGA+mBJ approximations.
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FIG. 9. First and fourth columns: GGA + mBJ + SOC Band structures of KBiO3 and BaBiO3 in the vicinity of bulk valence
band (VB) gap (around Γ) and bulk conduction band (CB) gap (around R). The red and blue identify the Bi-s and Bi-p
characters. Second, third, fifth and sixth columns: The Bi-s and -p orbital weights of the indicated bands are shown to quantify
the band inversion. Even though O-p characters are present throughout, their contributions are not shown here as they have
no role in the band inversion. It may be noted that the mBJ correction can shift the bands participating in the inversion. For
example, in VB with mBJ the band inversion occurs between band-1 and band-4 where as without mBJ correction the inversion
occurs between band-1 and band-2 (see Fig. 4). However, the formation of surface Dirac states is not affected by such shifting.
FIG. 10. Surface band structure of 11 unit slabs of (a) KBiO3 and (b) BaBiO3. calculated using GGA + mBJ +SOC formalism.
A. Effect of deformation on the TI behavior in ABiO3
It is known that the many members of the family of ABiO3 stabilizes in a distorted cubic structure. A good example
is BaBiO3. It is experimentally found that this compound has a breathing and tilting mode of distortions involving the
BiO6 octahedra. However, the tilting mode can be suppressed when grown as thin films on an appropriate substrate
(e.g. MgO [48]). Therefore, it is significant to examine the nature of s-p band inversion under the breathing mode of
distortion.
We considered the breathing mode of distortion of the BiO6 octahedra in a G-type pattern in BaBiO3 as shown in
Fig. 12(a). The total energy as a function of O anion displacement (∆Q) is estimated and we find that there exists
a double minima curve [see Fig. 12(b)] which is in agreement with earlier reports [49]. The system stabilizes with
∆Q ≈ ±0.04A˚. The corresponding spin-orbit coupled band structure is shown in Fig. 12(c). Like the undistorted
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FIG. 11. Variation of surface Dirac gap of KBiO3 and BaBiO3. The CB Dirac gaps are shown in (a) and (c) and the VB Dirac
gaps are shown in (b) and (d).
structure, it exhibits bulk band gap as well as s-p band inversion at 2 eV above and -7 eV below EF .
FIG. 12. (a) Schematic illustration of breathing mode distortion of the BiO6 octahedra in BaBiO3. (b) Variation of total
energy as a function of breathing distortion strength. (c)The orbital projected spin-orbit coupled band structure corresponding
to minimum breathing distortion. The contribution from Bi-s and Bi-p orbitals are represented through red and blue circles,
respectively. Like the cubic perovskite, the distorted structure shows s-p band inversion. The band structure is calculated using
a two formula unit fcc primitive cell incorporating the breathing mode of distortion. It may be noted that the high symmetry
point R of the cubic Brillouin zone maps to Γ of the new fcc Brillouin zone.
The band structure of the distorted BaBiO3 reaffirms the robustness of s-p band inversion and therefore possible
formation of TI surface Dirac states. To examine the surface deformation of this distorted BaBiO3, we doubled
the cell along x and y and constructed a 21 layer thick slab consisting of 204 atoms. As the FP-LAPW method is
computationally expensive for such a large system, the calculations (structural relaxation and band structure) are
carried out using pseudopotential approximation as implemented in VASP[50, 51].
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FIG. 13. (a) Top six layers of the unrelaxed slab constructed out of the bulk having breathing mode of distortion with
∆Q = ±0.04 A˚(see Fig. 12). (b) The corresponding relaxed structure. The change in the bond lengths demonstrates the
surface deformation. The atoms lying six layers away from the surface experience negligible displacement.
FIG. 14. Surface band dispersions are obtained after the relaxation of 21 layers thick slab with breathing distortion. The band
structure with spin orbit coupling in the valence band(VB) spectrum (a) and conduction band(CB) spectrum (b) are drawn
along the high symmetry path of the surface Brillouin zone. The linearly dispersed Dirac bands are encircled.
The starting structure with equilibrium breath-in and breath-out distortion is shown in Fig. 13(a) and the corre-
sponding relaxed structure is shown in Fig. 13(b). Only the first six layers from the surface are shown, as distortion in
the further inner layers are negligible. We find that except O, the other two heavy ions have negligible displacements
after relaxation. Therefore, the strength of distortion is presented through the Bi-O bond length. The distortions are
more along the z − axis compared to the xy plane. Also it is observed that maximum distortion occurs in the first
three layers. However, the nature of the breathing mode remains unaltered. The SOC driven surface band structure
for the relaxed structure is shown in Fig. 14. Since the s-p band inversion and hence perspective TI states occur at
∼ -7 eV and ∼ 2 eV with respect to the Fermi level, in Fig. 14 we have shown the band structures in these vicinities
only. As in the case of undistorted cubic surface, the valence band structure shows the linear band crossing at around
-7 eV and the conduction band structure shows linear band crossing at 2 eV confirming the presence of both V-TI and
C-TI states. This implies that the formation of surface TI states are invariant under adiabatic surface deformation
for BaBiO3. It is expected that the other members of the ABiO3 family will behave similarly.
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